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I. INTRODUCTION 
The b iomed ica l  and biomechanics departments a t  t h e  H i  ghway 
S a f e t y  Research I n s t i t u t e  (HSRI) has conducted a  s e r i e s  o f  t h i  r t y  
s l e d  i m p a c t  t e s t s  o f  w h e e l c h a i r  t ie -downs and w h e e l c h a i r  o c c u p a n t  
r e s t r a i n t  systems f o r  t h e  Massachuset ts Rehabi 1 i t a t i o n  Commi ss ion ,  
T h i s  r e p o r t  desc r ibes  t h e  se tup  c o n d i t i o n s  and r e s u l t s  o f  each o f  
t hese  t e s t s .  

I I .  P R O C E D U R E S  
A1 1 impacts tes ts  were run on the HSRI impact sled f a c i  1 i t y  
i l lus t ra ted  in Figure 1. The s l e d  i t s e l f  i s  a 9 7 5 - 1  b .  t e s t  
platform which i s  driven from one end o f  a 6 0 - f o o t  t r a c k  by a 
compressed-gas-powered ram, An adjustable pneumatic dece 1 e r a  t o r  
a t  the opposite end of the track s t o p s  t h e  s l e d  a b r u p t l y  and 
rebounds the sled in the opposite d i r e c t i o n  a t .  a speed n e a r l y  
equal t o  i t s  speed prior t o  impact. Thus,  from a pre- impact  
velocity of 10 rnph, an impact velocity differential  o f  n e a r l y  20 
mph i s  achieved. 
For the tes t s  reported on  here, a l l  p r e s s u r e s  were s e t  t o  
achieve an impact velocity differential  of approximately 20 rnph a t  
a rectangular deceleration pulse of 16 G's ( i , e . ,  s i x t e e n  t imes  
the pull of gravity).  Each t e s t  used a n  E v e r e s t  a n d  J enn ings  
powered wheelchair frame (Model 3 P )  with  appropr i  a t e  masses 
attached t o  simulate a complete powered chai r ,  wi t h  b a  t t e r i  e s ,  
motors, e tc . ,  weighing approximately 110 I b s .  The w h e e l c h a i r  
occupant was sirnul ated by a 50th-percentil e male dummy wei ghi n g  
160 Ibs. Table 1 shows the matrix o f  thir ty  t e s t s  conducted under 
these condi ti ons. 
Side- a n d  top-view high speed films were taken of each t e s t  
a t  a nominal film speed of 1000 frameslsec. I n  addition, GSE seat 
bel t  load ce l l s  were used t o  measure tensions i n  b e l t  webbings 
where applicable.  I n  t e s t  80M029 t r i a x i  a1 head a n d  c h e s t  
accelerometers were used t o  measure resultant accel e r a  t i  ons  a n d  
compute head i njury c r i t e r i a  (HIC) . 

;ABLE 1  
" A T R I X  OF TESTS 
- ? s t  '10. i h e e l  c h a i r  i i s - 2 o u n  Occuoant  X e s t r a l n t  h a c t  O i r e c t i o n  % 
30M001 Lao b e l t  t o  f l o o r  v i a  l i f t  r i n g s  Lap b e l t  t o  f l o o r  p l u s  v e l c r o  c h e s t  b e i t  f r o n t a l  1 
?$MOO2 Lao 3 e l t  :o f l o o r  v i a  l i f t  r i n g s  p l u s  Lao b e l t  t o  f l o o r  ~ l u s  te1c:o c h e s t  b e l t  f r o n t a l  8 
a n g i e  i r o n  beh ind  wheels 
:OM003 3ud j d j u s t a b l e  '-bar :o f l s o r  v i a  1  i f t  V e l c r o  c h e s t  be1 t t o  c h a i r  back f r o n t a l  1 2  
rl ngs 
?OP004 Bud 7 -bar  s l u s  ' a p  b e l t  :o f l o o r  v i a  Lao be1 t t o  f l o o r  p l u s  d e l c r o  c h e s t  b e l t  f r o n t a l  1 6  
I if*. p i n g s  
3CMOO5 3ua 3ower >an and l o w e r  locu-down Lap be1 t t o  c h a i r  f r o n t a l  21 
iCM006 3ud 5ower pan and power !ock-down 8ud p a s s i v e  b e l t  ' r o o f  t o  f l o o r )  p l u s  f r o n t a l  2  5 
l a p  sei :  t o  c h a i r  
?WOO7 5ud gowe? oan and l o w e r  :ock-down aud 3 - p o i n t  be1 t ( f l o o r  mount )  p l u s  l a o  V a n t a l  2 9  
j l u s  l a p  p o r t i o n  'of 8ud p a s s i v e  b e l t  ~ e l t  o  c h a i r  
i n  i r ~ n t  o f  c h a i r  Arms 
5SMOC8 Same as 30M007 e x c e p t  weDblnq 3 f  Same as 50M007 S X C ~ D ~  debb ing  o f  p a s s i v e  ' r o n t a l  3 3  
: a s r i v e  f l o o r  S e l t  :o i too  a?  .ne?ai c l o o r  b e l t  b o l  t e d  a t  meta l  r i l g  "' 19 
3il.'CCSI 4 - o o i n t  Aeroqu ip  t i e d  :o s l e d  3ud 3 - o o i n t  b e l t  p l u s  l a p  b e l t  t o  c h a i r  f r o n t a l  37 
3C,uOl3 3uo power pan and gower lock -down 9ud 3 - p o i n t  b e l t  w ~ t h  webbing t i e d  t o  f - o n t a l  11 
) i u s  b a r  #hee l  s t 0 0  m e t a l  r i n g  o l u s  l a p  3ei  t :o c h a i r  
3i$P011 3ud Dower pan and Sower lock -down 3ud 3 - p o i n t  b e l t  7 l u s  i a p  b e l t  :o :ha i r  f r o n t a l  4 5  
~ l u s  i d 0  p o r t i o n  o f  s a s s i v e  b e l t  
i n  f r a n t  o f  c h a i r  l r m s  (webb ing  
t i e l  a t  q e t a l  r i n g )  
45' 19 
f r o n t a l  34 
351012 Same as 90M011 Same as aOMOl1 
-. ..,VC!3 926 T-aar ( s m a l l e r  a d j u s m e n t  q o l e s )  " Lao b e l t  t o  :ha i r  o l u s  v e i c r o  c h e s t  b e l t  
:o C 'oor  v i a  eye bol :  
!Ci411J 3ud f i y 2 1  la?g:h i - b a r  2 i u s  ' a 0  ael: ~ a p  be1 t t o  f l o o r  o l u s  v c l c r o  c h e s t  oe i  t 
:s f i q o r  v i a  cye  301: 
' r o n t a l  5 3 
3Gi+015 3ud t i 1 7  ?i? 5:anChion \Lap b e l t  ?o s t a n c h i o n  F r o n t a i  61 
s i d a  5 5  
f r o n t a l  
. . 
I I 
3CZCl5 Tie c ' la i *s  i n  doub le  r i m  > i n  ieancc lo r r  Lap > e l ?  :o s t a n c h i o n  
8dd 3-901nt  b e l t  s y s : ~  ; ius l a p  aei  t 
ts  C r i a n g l  es 
3:lACij :CI : i e -Mwn t o  sheer. a e t a i  F ~ i c o n  3 - p o i n t  be l t .  system : lus l a p  
be1 t t o  t r i a n g l e s  
f r o n t a l  7 5  
30!40! 3 2 - o o i n t  l e r l q u i p  i t r a o s  :o ' S "  :rack Bud 3 - o o l n t  3el  t j ys tem p l u s  i a p  bel :  
fas tened  :a ;+eet  n e t a i  t o  c b a i r  
f r o n t a l  i 9 
3CMC20 t t :  t i e - d o w n  t o  l h e e t  n e t a i  % i c o n  3 - p o i n t  be1 t system : imoroved  
anchor  w e l d s )  p l u s  l a p  bei: :o c h a i r  
' r o n t a l  33 
3CV0?1 -a r r ;e t  T -oar  ~ l u s  !a0  be\ :  :O C ' ~ ~ r  Lap >el: t o  f l o o r  
i i a  'if: r i b g s  
f r o n t a l  ?7 
3ZMOiZ 'a rge t  * - s d r  :a : l oo r  $ r i a  qook b o l t  Lap b e l t  t o  c h a i r  
de lded  : loscd sn  eye s o l  t 
. * , a  
3ut.023 ::I c e t r o i i ' .  r i t h  3ud ?oqder san 3ud 3 - p o i n t  p a s s i v e  >el :  s i u s  l a p  b e l t  
:o C C !  t r i a n g l e s  
iC:tCZa Same i s  3014023 Same 3s 30tt02? 45= l i '  8 > 
' r g n t a l  11 5 jGM025 :Ci r e t r o f i t  w i t h  a d j u s t a b i c  t r i -  Same as '3OM023 
l n g l e s  and Jud poker oan 
?Cf,:026 Same 30M025 3ud 3 - o o i n t  2 e i t  o n l y  ' r o n t a l  ' ; ?  
:*on fa  / i 23 
'ron:al ' 2 7  
?C1'0!i Same P S  30M025 Same as 30ff025, ' l o o r  :el t s t r e n g t h e n e d  
3;M029 Same 3 s  ?CM023 Same 3s 9CM022 ' r o n t a l  : ;1 
3Cmoh .!?G 
s i d e  : 2 7  

111. RESULTS 
The following pages describe and  i l l u s t r a t e  the t e s t  s e t u p s  
a n d  resul ts  observed from films f o r  each o f  t h e  t h i r t y  t e s t s  
conducted. Also given are peak be1 t loads measured by GSE 1 oad 
ce l l s .  The sequence photograph shown on the l a s t  page f o r  aach 
t e s t  i l l u s t r a t e s  the general performance of t h e  t ie-down a n d  





Bo th  t h e  dummy and wheelchai r  were r e s t r a i n e d  f a c i n g  f o r w a r d  
on t h e  s l e d  by a  s i n g l e  l a p  b e l t  secured t o  t h e  f l o o r  ( s l e d ]  
by two l i f t  r i n g  assemblies. A b e l t  w i t h  v e l c r o  f a s t e n i n g  
across t h e  ches t  o f  the  dummy was at tached a t  each end around 
t h e  back wheelchai r  pos ts  under t he  s e a t  back  u p h o l  s t e r y .  
The wheelchai r brakes were appl i ed. 
Resul t s  
P r i o r  t o  impact t he  c h a i r  moved backward on t he  s l  e d  due  t o  
t h e  s l e d  acce le ra t i on  (approx. .5 G), producing s lack  i n  t h e  
l a p  b e l t .  The r i n g  o f  t h e  r i g h t  1  i f t  r i n g  assembly b roke  a t  
t h e  sharp bend on impact, r e l e a s i n g  t h e  l a p  b e l t  and a l l o w i n g  
t h e  whee lcha i r  t o  move un res t ra i ned  i n t o  t h e  padded f r o n t  o f  
t h e  sled. The v e l c r o  f a s t e n i n g  on t h e  c h e s t  be1  t d i d  n o t  
hold. The c h a i r  susta ined l i t t l e  o r  no damage. 
Peak Be1 t Loads (1  bs. l 
L e f t  Lap - 1050 
R i g h t  Lap - 1000 
Chest - 100 
 ereaf after r e f e r r e d  t o  as v e l c r o  ches t  b e l t .  
Set -up  Photos for T e s t  80M001 
10  

Time Sequence Photo for T e s t  80M001 




The whee lcha i r  and dummy were secured f a c i n g  f o r w a r d  o n  t h e  
s l e d  i n  t h e  same manner as t e s t  80M001 by a  l a p  be1 t a r o u n d  
t h e  dummy anchored t o  t h e  s l e d  by two l i f t  r i n g  a s s e m b l i e s .  
I n  a d d i t i o n ,  a  s t ee l  angle was c l a m p e ~ l o o r  b e h i n d  
t h e  c h a i r  wheels t o  p reven t  backward movement o f  t h e  c h a i  r 
d u r i n g  s l e d  acce le ra t ion .  A v e l c r o  ches t  be1 t secured t o  t h e  
whee lcha i r  back posts  was again  p laced  a r o u n d  t h e  dummy ' s  
chest.  The wheelchai r  brakes were appl ied.  
Resu l t s  
The c h a i r  d i d  n o t  move on s l e d  a c c e l e r a t i o n  and t h e  l a p  be1  t 
remained t a u t  u n t i l  impact. Upon impact  t h e  r i n g  o f  t he  l e f t  
r i n g  assembly broke a t  t h e  sharp bend, r e l e a s i n g  t h e  c h a i r  
and dummy, which moved f o rwa rd  and impacted w i t h  t h e  p a d d e d  
f r o n t  o f  t h e  s led.  The v e l c r o  b e l t  re leased ,  a1 1  o w i  n g  t h e  
dummy's t o r s o  t o  f l e x  forward. The c h a i r  back u p o l s t e r y  was 
t o r n  l oose  on dummy rebound. The c h a i r  sus ta ined  1  i tt l  e  o r  
no damage t o  t h e  frame. 
Peak Be1 t Loads ( 1  bs. ) 
L e f t  1  ap - 1050 
R i g h t  l a p  - 900 
Chest - 200 
Set-Up Photo f o r  T e s t  80M002 
Post-Impact Photos f o r  Test 80M002 
Time Sequence Photos f o r  Test 80M002 
1 6  
TEST NO. 
80M003 
The whee lcha i r  was secured f a c i n g  forward on t h e  s l  e d  b y  a  
Bud I n d u s t r i e s  ad jus tab le  T - b a r  p l a c e d  a c r o s s  t h e  l o w e r  
h o r i z o n t a l  frame members j u s t  b e h i n d  t h e  r i s i n g  c u r v e d  
p o r t i o n .  A hook b o l t  t h r o u g h  t h e  c e n t e r  o f  t h e  T - b a r  
fas tened  t o  a  l i f t  r i n g  assembly, wh ich  was b o l t e d  t o  t h e  
s led. The T-bar was t i gh tened  down by t u r n i n g  a  n u t  o n  t h e  
hook b o l t  u n t i l  t h e  f r o n t  p n e u m a t i c  c a s t o r  t i r e s  showed  
s i g n i f i c a n t  compression. The dummy was secured t o  t h e  c h a i  r 
on l y  by a  v e l c r o  c h e s t  b e l t  a t tached  t o  t h e  back c h a i r  posts .  
Resu l t s  
The r i n g  o f  t he  l i f t  r i n g  assembly broke a t  t h e  s h a r p  b e n d ,  
r e l e a s i n g  t h e  whee lcha i r  t o  move f o r w a r d  i n t o  t h e  p a d d e d  
f r o n t  o f  t h e  s l e d ,  The  T - b a r  a n d  h o o k  b o l  t b e n t  
s i g n i f i c a n t l y  and t h e  v e l c r o  b e l t  came l oose ,  a1  1  o w i n g  t h e  
dummy t o  f a l l  t o  t h e  f l o o r .  
Peak Be1 t Loads (1 bs, ) 
Ve lc ro  ches t  b e l t  - 200 
Set-Up Pho tos  f o r  T e s t  80M003 
Pos t -Tes t  Photos  f o r  T e s t  80M003 
1 9  





The ad jus tab le  T-bar descr ibed i n  t e s t  80M003 a n d  t h e  1 ap 
b e l t  t o  f l o o r  d f i b e d  i n  t e s t  80M001 were u s e d  t o  s e c u r e  -
the c h a i r  and dummy i n  a  fo rward- fac ing  d i r e c t i o n .  A l l  t h r e e  
anchor p o i n t s  used l i f t  r i n g  a s s e m b l i e s  t o  f a s t e n  t o  t h e  
sled. The dummy w a s a  ve l c ro  c h e s t  b e l t  
l ooped around t h e  c h a i r  back posts. 
Resu l ts  
The r i n g s  from t h e  l i f t  r i n g  assemblies s e c u r i n g  t h e  T - b a r  
and one s i de  o f  the  l a p  b e l t  b r o k e  a t  t h e  s h a r p  b e n d s ,  
a l l o w i n g  t h e  wheelchai r  t o  move i n t o  t h e  padded f r o n t  o f  t h e  
sled. The T-bar i t s e l f  ben t  and f r ac tu red ,  and t h e  l a p  be1  t 
a l s o  unbuckled. A1 though t h e  v e l c r o  on t h e  ches t  b e l t  h e 1  d, 
t h e  s t i t c h i n g  t o r e  out, a l l o w i n g  t h e  b e l t  "Dl' r i n g  t o  s l  i de 
through t he  double webbing a n d  p r o d u c e  s i g n i f i c e n t  be1  t 
s l  ack. 
Peak Be1 t Loads (1  bs. ) 
L e f t  l a p  - 1150 
.R igh t  l a p  - 1100 
Set-Up Photos for Test 80M004 
P o s t - T e s t  Pho tos  f o r  T e s t  80M004 
P o s t - T e s t  Photo f o r  T e s t  80M004 





The fo rward- fac ing  wheelchai r  was secured on t h e  s l e d  i n  t h e  
Bud I n d u s t r i e s  power pan by t h e  Bud power lock-down p r e s s i  n g  
on t h e  r a i s e d  p o r t i o n  o f  t he  r i g h t  l o w e r  h o r i z o n t a l  f r a m e  
member. The power lock-down was b o l t e d  t o  t h e  s l e d  u s i n g  two 
b o l t s  and washers p rov ided  by Bud I n d u s t r i e s  a n d  t i  gh t e n e d  
u n t i l  s i g n i f i c a n t  deformat ion i n  t h e  washers o c c u r e d .  The  
dummy was secured i n  t h e  c h a i r  by a  l a p  be1 t anchored t o  t h e  
c h a i r  by wrapping t h e  b e l t  ends around t h e  back p o s t s  u n d e r  
t h e  power pack mounting b racke ts  and c h a i r  upo l s t e r y .  
Resu l t s  
There was no s i g n i f i c a n t  r e s t r a i n t  o f  t h e  c h a i r  by t h e  p o w e r  
lock-down. The lock-down arm s l i d  o f f  the  frame w i t h  l i t t l e  
apparent e f f e c t  on whee lcha i r  movement. When t h e  a r m  d i  d  
i n t e r a c t  w i t h  t h e  c h a i r  frame a t  t h e  c r o s s - b a r s ,  t h e  p o w e r  
1  ock-down r o t a t e d  o u t  o f  t h e  way as t h e  c h a i r  moved f o r w a r d .  
The c h a i r  moved i n t o  t h e  padded f r o n t  o f  t he  s l e d  w i t h  l i t t l e  
o r  no t u rn i ng ,  so t h a t  t h e  dummy's knees absorbed most o f  t he  
energy. Dur ing  t h e  t e s t  t h e  l a p  b e l t  s tayed secure a n d  t h e  
dummy remained i n  t h e  cha i r .  The c h a i r  s u s t a i n e d  1  i t t l  e  
damage o t h e r  than  bending o f  t h e  motor brackets .  
Peak Be1 t Loads ( 1  b s )  
L e f t  l a p  - 220 
R i g h t  l a p  - 280 
Set-Up Photos f o r  T e s t  80M005 
Pos t - Impac t  Photos f o r  T e s t  80M005 
2 9 




The whee lcha i r  was secured t o  t h e  s l e d  i n  t h e  f o r w a r d - f a c i  n g  
d i r e c t i o n ,  u s i n g  t h e  Bud power lock-down and power pan system 
descr ibed  i n  t e s t  80MD05. The dummy was r e s t r a i n e d  t o  t h e  
c h a i r  as i n  t e s t  80M005, us i ng  a  lap h e l t  t o  t h e  c h a i r  posts .  
I n  a d d i t i o n ,  a  Bud pass ive  b e l t  rZi%iX system ( o l d  s t y l e )  
was used t o  r e s t r a i n  t h e  dummy. T h i s  system c o n s i  s t s  o f  a  
vehic le-mounted shou l  d e r  a n d  1  ap b e 1  t s u s p e n d e d  i n t h e  
v e h i c l e  by app rop r i a t e  a n c h o r  p o i n t s  on  t h e  v e h i c l e  " B "  
p i l l a r  and by a  l oop  i n  a  r o o f  t o  f l o o r  b e l t .  The  l a p  
p o r t i o n  of the  b e l t  passes over  t h e  c h a i r  a r m r e s t s .  Heavy  
duty eye b o l t s  and o t h e r  hardware p rov i ded  by Bud I n d u s t r i e s  
were used t o  anchor t h e  b e 1  t s  t o  t h e  s i m u l a t e d  v e h i c l e  
s t r uc tu re .  
Resul ts  
The power lock-down d i d  n o t  secure t h e  c h a i r ,  w h i c h  became 
r e s t r a i n e d  by t h e  pass ive b e l t  system through l o a d i n g  on t h e  
dummy. The l owe r  p a r t  o f  t h e  c h a i r ,  b e i n g  u n r e s t r a i n e d ,  
moved forward, caus ing t h e  dummy and c h a i r  t o  t i 1  t backwards. 
A t e t h e r  rope caught on a  s l e d  b o l t ,  p r e v e n t i n g  t h e  c h a i r  
f rom f l i p p i n g  t o  t h e  f l o o r ,  The l a p  b e l t  s t a y e d  s e c u r e .  
High f o r ces  i n  t h e  f l o o r - t o - r o o f  be1  t c a u s e d  t h e  s t e e l  
s t r u c t u r e  used t o  s imu la te  t h e  v e h i c l e  r o o f  anchor p o i  n t  t o  
c o l  1  apse. 
Peak Be1 t Loads ( I b s )  
R e t r a c t o r  be1 t - 520 
Passive ches t  - 1700 
Pass ive l a p  - 1200 
R i g h t  c h a i r  l a p  - 230 
Upper r o o f  t o  f l o o r  - 1950 
Lower r o o f  t o  f l o o r  - 2500 
Set-Up Photos f o r  T e s t  80M006 
Post-Test Photo for Test 80M006 




The whee lcha i r  was secured t o  t h e  s l e d  i n  t h e  f o r w a r d - f a c i  n g  
d i r e c t i o n ,  us i ng  t h e  Bud power lock-down and power pan system 
descr ibed  i n  t e s t  80M005. The dummy was r e s t r a i n e d  t o  t h e  
c h a i r  as i n  t e s t  80M005, u s i n g  a  l a p  b e l t  t o  t h e  c h a i r  posts.  
I n  a d d i t i o n ,  a  Bud pass ive  b e l t  r e s t r a i n t  (new s t y l e )  was 
used t o  p rov i de  a d d i t i o n a l  dummy r e s t r a i n t .  T h i s  b e l t  system 
i s  s i m i l a r  t o  t h e  system used i n  t e s t  80M006, except  t h a t  t h e  
f l o o r - t o - r o o f  b e l t  i s  rep laced  by a  f loor-mounted be1 t w i t h  a  
meta l  r i n g  through which t h e  ches t / l ap  b e l t  i s  p l a c e d .  The  
b e l t  system i s  h e l d  i n  p l ace  by a n  e l a s t i c  c o r d  f r o m  t h e  
metal  r i n g  t o  t h e  v e h i c l e  r o o f .  I n  t h i s  t e s t ,  t h e  l a p  
p o r t i o n  o f  t he  p a s s i v e  be1  t was p l a c e d  i n  f r o n t  o f  t h e  
whee lcha i r  arms (desk t y p e )  w i t h  t h e  h o p e  o f  p r o v i d i n g  
improved c h a i r  r e s t r a i n t  w i t h o u t  l o a d i n g  t h r o u g h  t h e  
occupant. Heavy-duty eye b o l t s  and o t h e r  hardware p r o v i  d e d  
bv Bud I n d u s t r i e s  we re  u s e d  t o  a n c h o r  t h e  b e l t s  t o  t h e  
Gmu la ted  v e h i c l e  s t r uc tu re .  
Resu l t s  
The power lock-down d i d  n o t  r e s t r a i n  t h e  c h a i  r. The  c h a i  r 
and dummy moved fo rward  i n t o  t h e  pass ive  b e l t  system, caus ing  
t h e  s t i t c h i n g  around t h e  metal  r i n g  i n  t h e  f loor -mounted b e l t  
t o  break, r e l e a s i n g  t h e  c h a i r  t o  move o u t  o f  t h e  p o w e r  p a n  
and i n t o  t h e  f r o n t  o f  the  s led. The c h a i r  s u s t a i n e d  1  i t t l  e  
damage. 
Peak Be1 t Loads (1 bs )  
Shoul de r  - 680 
R i g h t  c h a i r  l a p  - 440 
Lap pass ive  be1 t ( l e f t )  - 880 
Lap pass ive  b e l t  ( r i g h t )  - 780 
R i g h t  f l o o r  b e l t  - 1300 
Set-Up Photos  f o r  T e s t  80M007 
3 6 
Stop A c t i o n  Dur ing  Impact Tes t  80M007 
Post -Test  Photo f o r  T e s t  80M007 
3 7 





The wheelchai r  and dummy were r e s t r a i n e d  f a c i  ng  f o r w a r d  o n  
t h e  s led,  as i n  t e s t  80M007, except t h a t  t he  b e l t  webbing o f  
t h e  f loor-mounted p o r t i o n  o f  the p a s s i v e  b e l t  s y s t e m  was 
b o l t e d  toge ther  w i t h  l a r g e  washers a t  t h e  m e t a l  r i n g  i n an  
a t t emp t  t o  p reven t  t h e  system from b r e a k i n g  1  o o s e  a t  t h i s  
po i  n t .  
Resu l ts  
The r e s u l t s  were t h e  same as i n  t e s t  80M007, e x c e p t  t h a t  
h i g h e r  b e l t  l oad ings  were achieved be fo re  t h e  be1  t w e b b i n g  
r i p p e d  through t h e  b o l t s  a t  t h e  metal r i n g ,  r e l e a s i n g  t h e  
c h a i r  and dummy. The c h a i r  arms and frame were b e n t  d u r i  n g  
impact. 
Peak Be1 t Loads ( 1  bs )  
Shoul der  - 1200 
R i g h t  l a p  - 220 
Passive b e l t  ( l e f t )  - 1150 
Passive b e l t  ( r i g h t )  - 1050 
R i g h t  f l o o r  be1 t - 1950 

Post-Test Photos for Test 80M008 





The wheelchair was secured t o  the sled in the forward-faci n g  
position, using four Aeroquip tie-down straps.  Two s t r a p s  
were wrapped around the front chair frame members just  above 
the castors and angled forward and outward, being t ied t o  the 
sled structure i t s e l f .  Two other straps wrapped around the  
rear frame posts just above the intersection wi t h  t h e  s e a t  
frame t u b i n g ,  a n d  were t i e d  s t r a i g h t  back t o  t h e  s l e d  
structures. The dummy was secured t o  the chair by a lap belt 
I anchored t o  the rear chair posts. Additional dummy restraint 
was provided by the Bud passive be1 t system described in t es t  
80M007, except that the lap portion of this belt was placed 
directly on the dummy over the chair arms, and  the floor belt 
webbing was - tied t o  the metal ring. 
Results 
The Aeroquip s t r a p s  provided g o o d  r e s t r a i n t  of t h e  
wheelchair, and  the chair moved only a couple of inches  due 
t o  stretching of the straps. There was no apparent damage t o  
the chair frame and the passive belt system w i t h  1 a p  be1 t t o  
chair provided good upper and  lower torso res t ra in t  f o r  t he  
dummy. 
Peak Be1 t Loads ( I bs) 
Shoulder be1 t - 1250 
Right lap belt - 760 
Passive lap belt ( l e f t )  - 660 
Passive lap belt ( r igh t )  - 440 
Right floor be1 t - 1550 
Set-Up Photos f o r  Test  80M009 
4 4 
Post - Impact  Photo f o r  T e s t  80M009 





The whee lcha i r  and dummy were r e s t r a i n e d  f a c i n g  f o r w a r d  on  
t h e  s l e d  w i t h  t h e  Bud power pan and power l o c k - d o w n  , a s  i n  
t e s t  80M007, except  t h a t  (11 The  la^ p o r t i o n  o f  t h e  p a s s i v e  
b e l t  system-was passed over  t h e  wheelchai r  arms; (2) 'a s t e e l  
ba r  was welded i n  p l ace  across the  t o p  edge o f  t he  power p a n  
t o  p r o v i d e  a  wheel s top  f o r  fo rward  c h a i r  motion; and (3) t h e  
b e l t  webbing o f  t h e  f l o o r  mount b e l t  was - t i e d  t o  t h e  m e t a l  
r i n g .  
Resu l t s  
The whee lcha i r  jumped t h e  wheel s top  b a r  a lmost  as i f  i t  were 
n o t  there,  and t h e  dummy's knees impacted w i t h  t he  f r o n t  o f  
t h e  s led. The dummy was r e s t r a i n e d  a t  t h e  upper t o r s o  by t h e  
p a s s i v e  b e l t  s y s t e m ,  c a u s i n g  t h e  c h a i r  t o  f l i p  o v e r  
backwards, so t h a t  t h e  back o f  t he  clummy's head impacted t h e  
s l e d  f l o o r .  The r e a r  pos ts  o f  t h e  c h a i r  were bent  b a c k w a r d  
du r i ng  t h e  impact. 
Peak Be1 t Loads (1 bs 
Shoul der  - 1600 
R i g h t  1  ap be1 t - 260 
Pass ive l a p  ( l e f t )  - 1400 
Passive l a p  ( r i g h t )  - 1050 
R i g h t  f l o o r  - 2150 
Set-Up Photo f o r  T e s t  80M010 
Post-Impact Photos fo r  Test 80M010 
Time Sequence Photo f o r  Tes t  80M010 
5 0 
TEST NO. 
80M0 1 1 
Setup 
The whee lcha i r  and dummy were r e s t r a i n e d  f a c i n g  f o r w a r d  o n  
t h e  s l  ed w i t h  t he  Bud power pan and power 1 oc k -  down,  a s  i n  
t e s t  80P1010, except  t h a t p a  s  s  i v e  
r e s t r a i n t  webbing was p laced  i n  f r o n t  o f  t he  whee lcha i r  arms, 
as i n  t e s t  80M007. As i n  t e s t  80M010, t h e  f l o o r  be1 t webbi ng 
was t i e d  t o  t h e  metal r i n g  and a  wheel s top ba r  was i n  p l a c e  
i n  f r o n t  o f  t h e  whee lcha i r  c a s t o r  wheels. A l a p  be1 t t o  t h e  
back c h a i r  pos ts  secured t h e  dummy's p e l v i s  -in t h e  c h a i r .  
Resu l t s  
T h i s  system p r o v i  ded f a i r l y  good r e s t r a i n t  o f  t h e  c  h a  i r a n d  
occupant i n  t h e  f o rwa rd  d i r e c t i o n ,  b u t  b o t h  t h e  c h a i r  a n d  
occupant were r e s t r a i n e d  b y  t h e  p a s s i v e  b e l t  s y s t e m ,  a s  
i n d i c a t e d  by t h e  h i g h  b e l t  loads. A f t e r  i m p a c t  t h e  c h a i r  
f l i p p e d  backward t o  t h e  s l e d  f l o o r .  The c h a i r  arms susta ined 
cons iderab le  inward bending. 
Peak Be1 t Loads (1 bs )  
Shoulder - 1800 
L e f t  l a p  - 340 
Passive l a p  - 1450 
R i g h t  f l o o r  anchor - 2200 
L e f t  f 1  oor  anchor - 1500 
Set-Up Photos f o r  T e s t  80MOll 
Post-Impact Photos f o r  T e s t  80MOll 
5 3 




The w h e e l c h a i r  a n d  dummy w e r e  r e s t r a i n e d  t o  t h e  s l e d  
i d e n t i c a l l y  t o  t e s t  80MOll b u t  were o r i e n t a t e d  a t  45 d e g r e e s  
t o  t h e  s l ed  t r a c k ,  w i t h  t h e  dummy's r i g h t  shoulder  toward, t h e  
impact  d i r e c t i o n .  
Resul ts  
As w i t h  t e s t  80MOl1, t h e  c h a i r  was r e s t r a i n e d  f r o m  f o r w a r d  
mot ion by t h e  pass ive  b e l t  system. Because t he  l o a d i n g  was 
ma in ly  on t h e  r i g h t  s i d e  o f  t he  c h a i r ,  t h e  t u b i n g  o f  t h e  
r i g h t  arm was ben t  s i g n i f i c a n t l y  i n t o  t h e  abdomi na l  r eg i on  o f  
t h e  dummy. The upper t o r s o  and h e a d  o f  t h e  dummy showed 
g r e a t e r  excurs ions than  i n t e s t  80MOl1, s ince  t h e  dummy s  1 i d 
sideways through t h e  t o r s o  b e l t .  
Peak Be1 t Loads (1 bs )  
Shoul der - 1700 
R i g h t  l a p  - 80 
L e f t  l a p  - 280 
Passive l a p  - 1500 
Set-Up Photos for T e s t  80M012 
Post-Impact Photos f o r  T e s t  80M012 
Pos t - Impac t  Photos f o r  T e s t  80M012 






The wheelchai r  was res t ra i ned  f a c i n g  forward on t h e  s l e d  by a  
Bud I n d u s t r i e s  T-bar s i m i l a r  t o  t h a t  u s e d  i n  t e s t  80M003.  
The adjustment ho les i n  t h e  T-bar were reduced t o  about 1 1 8 "  
d iameter  f o r  i ncreased s t reng th ,  and a  heavy d u t y  e y e  b o l  t 
was used i n  p lace  o f  a  1  i f t  r i n g  f o r  attachment t o  t h e  f l o o r .  
The dummy was r e s t r a i n e d  t o  t h e  c h a i r  by  a  l a p  be1  t a n d  a  
v e l c r o  ches t  b e l t  t o  t h e  c h a i r  back posts. 
Resu l ts  
The T-bar broke i n  h a l f  a t  t he  cen te r  hook b o l t  hole,  and t h e  
c h a i r  moved un res t ra i ned  i n t o  t h e  padded f r o n t  o f  t h e  s l  ed.  
The l a p  b e l t  came un la tched  a t  t he  buck le  d u r i n g  t h e  t e s t ,  
b u t  t h e  v e l c r o  f a s t e n i n g  on t h e  ches t  b e l t  h e l d  and t h e  dummy 
stayed i n  t h e  cha i r .  A f t e r  impact  the  c h a i r  f l i p p e d  o v e r  
backwards. 
Peak Be1 t Loads ( 1  bs 
L e f t  l a p  - 200 
R i g h t  l a p  - 150 
Set-Up Photos f o r  T e s t  80M013 
6 2 
Post - Impact  Photo f o r  T e s t  80M013 





The wheelchair was restrained facing forward on the sled by a 
Bud Industries fixed length T-bar -made o f  a p i e c e  of -1" 
square steel extrusion and a lap belt t o  the f loor .  The T -  
bar attached to  the floor by -01 t through a c e n t e r  
hole to  a heavy-duty eye bolt. The lap be1 t anchor  p o i n t s  
were also heavy-duty eye bolts. A velcro chest be1 t t o  t h e  
chair back posts was a1 so used. 
Results 
The hook portion of the T-bar hook bol t  s t r a i g h t e n e d  o u t ,  
releasing the chair from the T-bar tie-down. The 1 ap be1 t 
restrained the chair and dummy from any s ignif icant  forward 
motion, b u t  the chair was only restrained from f a l l i n g  o f f  
the back of the sled by te ther  ropes. The vel cro fasten i n gs 
on the chest belt  held, b u t  a D-ring opened, a1 1 owi n g  t h e  
dummy to  jackknife forward. The chair sustained s i g n i f i c a n t  
bending of the main axles due t o  forces from t h e  f l o o r  l a p  
be1 t. 
Peak Be1 t Loads ( 1  bs) 
Left f loor lap - 1850 
R i g h t f l o o r l a p  - 1 5 0 0  
Left chest - 290 
R i g h t  chest - 390 
Set-Up Photo f o r  T e s t  80M014 
Pos t - Impac t  Photo f o r  T e s t  80M014 





The wheelchair was restrained facing forward on the sled by a 
Bud Industries single chair rim pin stanchion. The dummy was 
restrained by a lap belt  anchored to ho les  i n  t h e  rim p in  
brackets. 
Results 
This system offered good wheelchair and dummy restraint .  The 
absence of an upper torso belt ,  however, allowed a large head 
excursion due t o  jackknifing. 
Peak Be1 t Loads ( 1 bs) 
Left lap - 1350 
R i g h t  lap - 1100 
Set-Up Photos f o r  Test 80M015 
Post-Impact Photo for Test 80M015 




Two wheelchai rs  were r e s t r a i n e d  f a c i n g  sideways on t h e  s  1  e d  -
by a  Bud I n d u s t r i e s  double c h a i r  r i m  p i n  s t a n c h i o n .  Two 
50 th -percen t i  l e  m a l e m  b e m  
anchored t o  t h e  r i m  p i n  b r a c k e t s  o n  t h e  s t a n c h i o n .  The 
c h a i r s  were pos i t i oned  as f a r  t o  t h e  r e a r  o f  t h e  s l e d  as  
poss ib l e ,  and t h e  thumb screws which secure t he  s l i d i n g  rim 
p i n  b racke t s  were t igh tened  w i t h  p l i e r s .  
Resul ts  
The r i m  p i n  f i x t u r e s  o f  the  s tanchion s l i d  along t h e  b a r  t o  
t h e  f r o n t  o f  the  s tanchion bar. The f r o n t  c h a i r  i m p a c t e d  
i n t o  t h e  padded f r o n t  o f  t h e  s l e d ,  f r a c t u r i n g  t h e  l e f t  
magnesium wheel r i m  and badly  bending t h e  c h a i  r. The  r e a r  
c h a i r  impacted i n t o  t h e  f r o n t  c h a i r  and then  f l i p p e d  backward 
over  t h e  stanchion, w i t h  t he  dummy e n d i n g  u p s i d e  down a n d  
hanging o f f  the s i de  o f  the sled. Both l a p  b e l t s  h e l d  t h e  
dummies i n  t h e  cha i rs .  
Peak Be1 t Loads ( 1  bs )  
L e f t  l a p  ( f r o n t )  - 600 
R igh t  l a p  ( f r o n t )  - 470 
L e f t  l a p  ( r e a r )  - 350 
R igh t  l a p  ( r e a r )  - 720 
Set-Up Photos f o r  T e s t  80M016 
Set-Up Photo f o r  T e s t  80M016 
Post-Impact Photos f o r  Test  80M016 
P o s t  I m p a c t  Photos  f o r  T e s t  80M016 
80M016 




The whee lcha i r  was r e s t r a i n e d  f ac i ng  forward on t h e  s l e d  by a  
C r e a t i v e  Contro ls ,  Inc.  (CCI) t ie-down system c o n s i s t i n g  o f  a  
r e s t r a i n t  p l a t f o rm  b o l t e d  t o  t he  s l e d  and t r i ' a n g u  1  a r  s  t e e 1  
p l a t e s  and bars  a t tached  t o  t h e  w h e e l c h a i r  i t s e l f .  A v a n  
sheet  metal f l o o r  was b o l t e d  t o  the  s l e d  and t he  CCI p l a t f o r m  
was b o l t e d  t o  t h e  sheet metal w i t h  f o u r  1/2" b o l  t s  a n d  t w o  
s t e e l  p l a t e s  under t h e  sheet metal t o  d i s t r i b u t e  t h e  1  o a d s .  
The dummy was secured t o  t h e  c h a i r  by a  l a p  be1 t anchored t o  
t h e  C C I  t r i a n g l e s .  The Bud I n d u s t r i e s  pass i  v e  b e 1  t s y s  tern 
was used i n  con junc t i on  w i t h  Bud I n d u s t r i e s  c a n t i  l e v e r e d  
c h a i r  arms t o  p rov ide  complete t o r s o  r e s t r a i n t .  
Resul ts  
Th i s  system prov ided  e x c e l  1  e n t  w h e e l c h a i  r a n d  o c c u p a n t  
r e s t r a i n t .  The sheet metal deformed s l i g h t l y  a n d  t h e  r e a r  
CCI r e t a i n i n g  b a r  bent  s l i g h t l y  a t  bo th  ends. 
Peak Be1 t Loads ( 1  bs )  
Shoul der - 1300 
R igh t  l a p  - 1000 
L e f t  l a p  - 1050 

Post-Impact Photos f o r  Test 80M017 
8 1 





The wheelchai r  was r e s t r a i n e d  f a c i n g  f o r w a r d  o n  t h e  s l e d ,  
u s i n g  t h e  C C I  t ie-down system as i n  t e s t  80M017. The  dummy 
was secured t o  t h e  c h a i r  by a  l a p  b e l t  anchored  t o  t h e  C C I  
t r i a n g l e s .  A pass ive b e l t  s y s t e m b y f a l c o n ,  I n c .  was u s e d  
w i t h  t h e  Bud I n d u s t r i e s  whee l cha i r  a rms  t o  p r o v i d e  u p p e r  
t o r s o  r e s t r a i n t  f o r  t h e  dummy. Th i s  F a l c o n  s y s t e m  u s e s  a  
p o s t  b o l t e d  t o  t h e  f l o o r  t o  p o s i t i o n  t h e  p a s s i v e  be1  t 
a p p r o p r i a t e l y  . 
Resul ts  
The C C I  system prov ided  e x c e l l e n t  wheelchai r  r e s t r a i n t .  A 
bad weld a t  t he  l e f t  s h o u l d e r  a n c h o r  p o i n t  r e s u l t e d  i n  
incomple te  t o r s o  r e s t r a i n t  f o r  t h e  dummy. The  F a 1  c o n  p o s t  
t i l t e d  forward by bending t h e  sheet metal ,  and t h i s  added t o  
t h e  be1 t i nef fec t i veness  and dummy excursions. 
Peak Be1 t Loads ( 1  bs )  
Shoulder - 660 
L e f t  c h a i r  l a p  - 1400 









The wheelchai r  was r e s t r a i n e d  f a c i n g  f o r w a r d  o n  t h e  s l e d ,  
us i ng  t h r e e  Aeroquip s t raps  anchored t o  Aeroquip " G "  t r a c k s  
b o l t e d  t o  t h e  van sheet metal w i t h  h a r d e n e d  1 1 4 "  f l  a t h e a d  
screws a t  1-1/2"  i n t e r v a l s .  Two 1/8" t h i c k  by 2"  wide s t e e l  
p l a t e s  runn ing  t h e  l e n g t h  o f  the  "G" t r a c k s  were p l aced  under 
t h e  sheet metal t o  d i s t r i b u t e  loads. Two s t r a p s  secured t h e  
c h a i r  from t h e  r e a r  by a t t ach ing  t o  t h e  r e a r  frame pos ts  j u s t  
above t h e  seat  u p h o l s t e r y  f r a m e  members,  a n d  o n e  s t r a p  
a t tached  t o  t he  r i g h t  f r o n t  frame p o s t  a b o v e  t h e  f o o t r e s t  
f i x t u r e .  The dummv was r e s t r a i n e d  bv a   la^ b e l t  t o  t h e  c h a i r  
back posts  and a  Bud  p a s s i v e  r e s t r a i n t  s y s t e m  u s e d  i n  
con junc t i on  w i t h  t h e  Bud wheelchai r  arms. 
Resul ts  
Both r e a r  A e r o q u i p  p l u g s  p u l l e d  o u t  o f  t h e  " G "  t r a c k  
s imul taneous ly  due t o  f r a c t u r i n g  o f  m e t a l  c o l l  a r s  on t h e  
plugs. The Bud pass ive b e l t  system prov ided  g o o d  o c c u p a n t  
r e s t r a i n t ,  t a k i n g  an e x t r a  l o a d  a f t e r  t h e  A e r o q u i p  p l u g s  
re1 eased. 
Peak Be1 t Loads ( 1  bs )  
Passive shoulder  - 1750 
Passive l a p  - 640 
R t .  f l o o r  pass ive b e l t  - 1750 
L e f t  r e a r  aeroquip - 3462 
Set-Up Photos f o r  T e s t  80M019 
Post - Impact  Photos f o r  T e s t  80M019 





The whee lcha i r  and dummy were r e s t r a i n e d  f a c i  n g  f o r w a r d  on  
t h e  s l e d  by t h e  same t ie-downs ( C C I )  and b e l t  system (Fa1 c o n  
and l a p )  as used i n  t e s t  80M018. The sheet metal was b o l  t e d  
t o  t h e  s l e d  more secure ly  around t h e  F a l c o n  p o s t ,  a n d  an  
angle  b racke t  was used t o  r ep lace  t h e  l e f t  s h o u l  d e r  a n c h o r  
f i x t u r e  and was welded secure ly  t o  t h e  s i m u l  a t e d  v e h i c l e  
s t r u c t u r e .  
Resul t s  
T h i s  s y s t e m  p r o v i d e d  e x c e l l e n t  w h e e l c h a i r  a n d  dummy 
r e s t r a i n t .  The p o s t  leaned over  s l i g h t l y  due t o  d e f o r m a t i o n  
o f  t h e  sheet metal ,  b u t  t h e  upper t o r s o  r e s t r a i n t  was s t  i 11 
q u i t e  e f f e c t i v e .  
Peak Be1 t Loads (1  bs )  
Shoulder - 1600 
R i g h t  l a p  - 900 
L e f t  l a p  - 1300 
Passive l a p  - 640 

Post-Impact Photo for Test 80M020 
-- - - - -  - .  .- 





The wheelchai r  was r e s t r a i n e d  f a c i n g  forward on t h e  s l e d  by a  
l a p  b e l t  anchored t o  t h e  f l o o r ,  us i ng  l i f t  r i n g  a s s e m b l i e s  
a n d e  f l o o r  by a  hook  b o l t  a n d  
l i f t  r i n g  assembly. The setup i s  t he  same as t h a t  f o r  t e s t  
80M007 (minus the v e l c r o  ches t  b e l t )  b u t  a l l  h a r d w a r e  was 
supp l i ed  from Target  Indus t r ies .  The T-bar n u t  was t o r q u e d  
down u n t i l  subs tan t i a l  compression o f  the  pneumatic t i r e s  was 
achieved. 
Resu l ts  
A l l  t h r e e  o f  t h e  l i f t  r i n g s  b r o k e  a t  t h e  s h a r p  bend,  
complete ly  r e l e a s i n g  t h e  c h a i r  and dummy t o  impact i n t o  t h e  
padded f r o n t  o f  t he  sled. A f t e r  impact  t he  dummy f e l l  t o  t he  
f l o o r  unrest ra ined.  The wheelchai r  sus ta i ned  1  i tt l  e  o r  no 
damage. 
Peak Be1 t Loads ( 1  bs )  
L e f t  l a p  b e l t  - 1000 
R i g h t  1  ap be1 t - 1350 
Set-Up Photos f o r  T e s t  80M021 
Post-Impact Photos f o r  Tes t  80M021 




The whee lcha i r  was r e s t r a i n e d  f ac i ng  forward on t h e  s l e d  by a  
T-bar assembly f rom Targe t  I ndus t r i es .  A heavy-duty eye b o l t  
=ced t h e  l i f t  r i n a  assembly. and t h e  hook end o f  t he  hook 
bo i  t was welded c losed  around t h e  eye b o l t .  The  dummy was 
secured t o  t h e  wheelchai r  by a  1 ap be1 t a t tached t o  t h e  b a c k  
w h e e l c h a i r  p o s t s .  The  T - b a r  was t o r q u e d  down u n t i l  
s u b s t a n t i a l  compression o f  t he  pneumatic t i r e s  was achieved. 
Resul ts  
The T-bar ben t  t o  nea r l y  a  n i ne t y  degree angle a t  t h e  c e n t e r  
s l o t  where t h e  hook b o l t  i n s e r t s .  Th is  r e l e a s e d  t h e  c h a i  r 
and dummy t o  move un res t ra i ned  and i m p a c t  i n t o  t h e  p a d d e d  
f r o n t  o f  t h e  sled. The l a p  b e l t  stayed fastened and h e l d  t h e  
dummy i n  t h e  c h a i r .  A f t e r  impact t h e  c h a i r  a n d  dummy w e r e  
k e p t  f rom f a l l i n g  o f f  the  back o f  the  s l e d  by t e t h e r  r o p e s .  
The whee lcha i r  frame susta ined some s i g n i f i c a n t  bending n e a r  
t h e  f r o n t  cas to r  shaf ts ,  a n d  t h e  l o w e r  h o r i z o n t a l  f r a m e  
members were dented and crimped from t h e  T-bar. 
Peak Be1 t Loads ( 1  bs )  
L e f t  l a p  - 150 
R i g h t  l a p  - 125 
Set-Up Photos for T e s t  80MQ22 
100 
Set-Up Photo f o r  Test  80M022 
Post-Impact Photo f o r  Test  80M022 
101 
Post-Impact Photos f o r  Tes t  80M022 






The whee lcha i r  was r e s t r a i n e d  f a c i n g  forward on t h e  s l e d  by a  
C r e a t i v e  Contro l  Inc. t ie-down system designed f o r  u s e  w i  t h  
t h e  Bud Dower  Dan s y s t e m .  T h e  c h a i r  i s  l o w e r e d  i n t o  
p o s i t i o n ;  u s i n g ' t h e  p&er pan ac tua to r .  When t h e  d e s i r e d  
p o s i t i o n  i s  reached, a  second a c t u a t o r  a c t i v a t e s  t h e  C C I  
system, which grabs and l i f t s  the  f r o n t  s t e e l  b a r  through t he  
oDen cen te r  o f  the  ad jus tab le  f l o o r  pan. As t h e  f r o n t  e n d  
l i f t s  up, t h e  r e a r  ba-r i s  s e a t e d  i n  t h e  r e a r  r e t a i n i n g  
b racke t ,  which i s  b o l t e d  t o  t he  v e h i c l e  f l o o r .  The dummy was 
r e s  t r a i  ned by a  1  ap be1 t anchored t o  t h e  C C I  t r i a n g l e  and b y  
t h e  Bud 3 -po in t  pass ive  r e s t r a i n t  s y s t e m  p l a c e d  o v e r  t h e  
cha i  r arms. 
Resu l ts  
The t i e - d o w n  a n d  o c c u p a n t  r e s t r a i n t  s y s t e m s  p r o v i d e d  
e x c e l  l e n t  r e s t r a i n t  f o r  t h e  w h e e l c h a i r  a n d  d u m m y ,  
r e s p e c t i v e l y .  The l a p  p o r t i o n  o f  t he  Bud pass ive b e 1  t wou 1  d  
have p laced  f o r ces  on t h e  abdomen o f  an o c c u p a n t ,  h o w e v e r .  
The wheelchai r  sus ta i  ned 1  i ttl e  o r  no damage. 
Peak Be1 t Loads ( 1  bs )  
F l  oor - 900 
Passive shoulder  - 1300 
Power Pan With CCI Retrofit Securement System 
Set-up Photo for  Test 80M023 
Set-up Photo f o r  T e s t  80M023 
Post-Impact Photos o f  Tes t  80M023 
1 08 






T h i s  t e s t  setup was i d e n t i c a l  t o  t h a t  o f  t e s t  80M023 e x c e p t  
t h a t  ( 1 )  t h e  c h a i r  and power pan system were o r i e n t e d  a t  a  45 
degree angle t o  t h e  impact d i r e c t i o n ;  and ( 2 )  t h e  l a p  p o r t i o n  
o f  t h e  pass ive b e l t  was p laced  under t h e  arm r e s t s  o f  t h e  
c h a i r  so as t o  be over  t he  p e l v i c  bone reg ion.  
Resul ts  
The CCI power pan r e t r o f i t  t ie-down system p rov ided  e x c e l l e n t  
wheelchai r  securement, and t h e  c h a i r  s u s t a i n e d  o n l y  m i  n o r  
damage due t o  t h e  asymmetric f o r c e s .  The  dummy was w e l l  
r es t ra i ned ,  b u t  t he  shoul der b e l t  pressed i n  t o  t h e  dummy ' s  
neck due t o  t h e  angle o f  impact. 
Peak Be1 t Loads ( 1  bs )  
R i g h t  l a p  ( c h a i r )  - 1050 
F l o o r  - 1075 
Passive shoulder - 1300 
Passive l a p  - 200 
Time Sequence Photo o f  T e s t  80M024 
114 




The wheelchai r  was secured by t h e  CCI power pan r e t r o f i t  t i e -  
down system. The CCI t r i a n s u l a r  ~ l a t e s  w e r e  m o d i f i e d  t o  -
a l l o w  t h e  whee lcha i r  fore-sit p o s i t i o n  and tilt t o  be v a r i e d  
by p r o v i d i n g  e x t r a  se ts  o f  h o l e s  f o r  t h e  f r o n t  a n d  r e a r  
r e t a i n i n g  bars. The dummy was r e s t r a i n e d  by a l a p  be1  t 
anchored t o  t h e  CCI t r i a n g l e s  and t h e  Bud 3 - p o i  n t  p a s s 1  ve 
r e s t r a i n t  system. Bud c h a i r  arms were used t o  a l l o w  the  1 ap 
p o r t i o n  o f  t h e  pass ive  b e l t  t o  r e s t  over  t h e  p e l v i c  area. 
Resul ts  
The wheelchai r  t ie-down and b e l t  systems prov ided  e x c e l  1  e n  t 
r e s t r a i n t  f o r  t h e  whee lcha i r  and dummy, r e s p e c t i  v e l y  . The 
wheelchai r  sus ta ined  1 i ttl e o r  no damage. 
Peak Be1 t Loads (1  bs) 
R igh t  l a p  ( c h a i r )  - 1175 
F l o o r  - 1075 
Shoul der - 1200 
Set-up Photo f o r  T e s t  80M025 
Pos t - Impac t  Photo f o r  T e s t  80M025 






This t e s t  setup was identical t o  80M025,  except  t h a t  t he  
chair-anchored l a p  be1 t was removed so that only t he  Bud 3 -  
point passive be1 t was restraining the dummy. 
Results 
The wheelchair was secured well by the CCI tie-down system, 
b u t  a k n o t  i n  the floor belt broke loose a t  the metal r i n g ,  
a1 1 owing considerable forward translation of the dummy. The 
chair sustained l i t t l e  or no damage. 
Peak Be1 t Loads (1  bs) 
Floor - 1650 
Shoulder - 1200 
Se t -up  Photo for  Test 80M026 
A c t i o n  Photo o f  T e s t  80M026 
Pos t  Impact  Photo o f  T e s t  80M026 





This t e s t  was a repeat of 80M26. The floor belt was replaced 
and secured t o  the metal ring by a new k n o t  and tape. 
Results 
The C C I  tie-down provi ded excel 1 e n t  securement f o r  t he  
wheelchair, The dummy was a 1  so e f f e c t i v e l y  r e s t r a i n e d ,  
a l t h o u g h  the forward translation of the dummy was g r ea t e r  
t h a n  when a chair lap belt was used. This excurs ion could 
probably be reduced by anchoring the floor be1 t further back. 
Peak Be1 t Loads (1 bs) 
Floor - 1700 
R i g h t  lap (chair) - 1050 
Shoulder - 1450 
Set-up Photo o f  T e s t  80M027 
Pos t  Impact Photo o f  Test 80M027 
Time Sequence Photo o f  Test 80M027 
TEST NO. 
80P1028 
I n  t h i s  t e s t  a  mod i f i ed  bol t -down C C I  p l a t f o r m  was u s e d  t o  
secure t h e  wheelchai r .  I n  t h i s  system t h e  r e a r  r e t a i n i n g  
b r a c k e t  moves up as t he  f r o n t  b a r  i s  l i f t e d  and s e c u r e d ,  so 
t h a t  i n  t h e  f i n a l  l o cked  p o s i t i o n  t h e  w h e e l c h a i r  i s  n o t  
t i l t e d ,  a l though i t  i s  s t i l l  r a i s e d  o f f  t h e  f l o o r  s l i g h t l y .  
T h e m m y  was secured by a  c h a i r  l a p  be1 t and t h e  Bud 3 -po in t  
pass ive  b e l t  system i n  con junc t i on  w i t h  t he  Bud c h a i r  arms. 
Resu l t s  
The whee lcha i r  and dummy were e f f e c t i v e l y  r e s t r a i n e d  b y  t h e  
C C I  t ie-down and b e l t  systems r e s p e c t i v e l y .  There was l i t t l e  
o r  no damage t o  t h e  wheelchai r .  
Peak Be1 t Loads ( I b s )  
F l o o r  - 1600 
R i g h t  l a p  ( c h a i r )  - 1250 
Shoulder - 1350 
Set-up Photos o f  Test 80M028 
128 
Pos t  Impac t  Photo o f  T e s t  80M028 




Th i s  t e s t  was i d e n t i c a l  t o  80M028, except t h a t  a  30 m h  20 G 
impac t  pu l se  was used i ns tead  of t h e  20 mph, 1&;1 se.  
Head and ches t  acce le romete rs  w e r e  u s e d  i n  t h e  dummy t o  
measure head i n j u r y  c r i t e r i a  ( H I C )  a n d  c h e s t  r e s u l t a n t  
acce le ra t ion .  
Resu l t s  
The C C I  t i e - d o w n  a n d  be1  t s y s t e m s  p r o v i d e d  e x c e l l e n t  
r e s t r a i n t  f o r  t h e  wheelchai r  and dummy, r e s p e c t i v e l y .  Head 
i n j u r y  c r i t e r i a  was computed t o  be 450, peak head r e s u l t a n t  
a c c e l e r a t i o n  ( a t  head c . g . )  was 4 9  G ' s ,  a n d  p e a k  c h e s t  
r e s u l t a n t  acce le ra t i on  was 42 G' s. 
Peak Be1 t Loads ( 1  b s )  
F l o o r  - 1950 
R i g h t  l a p  ( c h a i r )  - 1800 
Shoulder - 1750 
HIC interval: 4 1 to 130 ms. 
50 100 150 ms 
Head Accelerations 
- 
Peak = 42 
D - 
D 
- - - 
D - - 
- 
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0 50 100 150 ms 
Chest Accelerations 
Head and Chest Resultant Accelerations for Test 80M029 
Set-up Photo  f o r  T e s t  80M029 
Post- Impact  Photo f o r  T e s t  80M029 






The whee lcha i r  was secured f a c i n g  sideways on t he  s  1 e d  w i t h 
t h e  Bud I n d u s t r i e s  s i n g l e  c h a i r  r i m - p i n  s t a n c h i o n .  The 
s leeve b racke ts  t h a t  h o l d  t he  r i m  p i ns  were b o l t e d  t o  t h e  ba r  
t o  p r e v e n t  s l i d i n g  on impact. The dummy was r e s t r a i n e d  b y  a 
lap '  be1 t anchored- to  the '  r im-p in  brackets.  
Resul ts  
The c h a i r  and dummy torqued and t w i s t e d  sideways t o w a r d  t h e  
f r o n t  o f  the  sled. The r i g h t  magnesium r i m  o f  t h e  c h a i r  
broke a p a r t  and t h e  c h a i r  susta ined s i g n i f i c a n t  damage. The  
dummy's l e f t  s i de  impacted i n t o  t he  l e f t  c h a i r  arm, c a u s i n g  
s i g n i f i c a n t  bendi ng o f  t h e  c h a i r  f r a w .  
Peak Be1 t Loads (1  bs )  
L e f t  Lap - 750 
R i g h t  l a p  - 1150 
Set-up Photos f o r  Tes t  80M030 
138 
A c t i o n  Photo o f  T e s t  81M030 
Post - Impact  Photo o f  T e s t  81M030 
133  
Pos t  Impact  Photos o f  T e s t  81M030 
140 
Time Sequence Photo o f  Test 81M030 

I V .  SUMMARY AND DISCUSSION 
An e s s e n t i a l  r e q u i r e m e n t  f o r  p r o v i  d i  ng  e f f e c t i v e  c r a s h  
p r o t e c t i o n  f o r  persons t r a v e l  i n g  i n w h e e l  c h a i  r s  i s  t h a t  t h e  
whee lcha i r  i t s e l f  be adequately secured so t h a t  i t  w i l l  n o t  move 
o r  break a p a r t  du r i ng  an impact. Fo r  a power wheelchai r  and/or f o r  
s i t u a t i o n s  where t h e  o c c u p a n t  i s  be1  t e d  e i t h e r  p a r t i a l  l y  o r  
t o t a l  l y  t o  t h e  cha i r ,  t h e  l oad -ca r r y i ng  requirements o f  t h e  t i  e -  
down hardware can be subs tan t i a l .  From t h e  r e s u l t s  o f  these t e s t s  
i t  i s  c l e a r  t h a t  t he  w h e e l c h a i r  t i e - d o w n  s y s t e m  h a r d w a r e  i n  
c u r r e n t  use by c l i e n t s  o f  t h e  M a s s a c h u s e t t s  R e h a b i  1 i t a t i o n  
Commission i s  gene ra l l y  inadequate t o  r e s t r a i n  t h e  w h e e l c h a i r  i n  
even a moderate f r o n t a l  crash, and t h e r e f o r e  t h e s e  c l i e n t s  a r e  
c u r r e n t l y  t r a v e l i n g  a t  r i s k  o f  se r ious  i n j u r y  i n  t h e  e v e n t  o f  an  
accident.  
The l i f t - r i n g  assemblies c u r r e n t l y  i n  use f o r  a n c h o r i n g  l a p  
b e l t s  and T - b a r  b o l t s  w e r e  s i m p l y  n o t  i n t e n d e d  f o r  f o r c e s  
generated by a 110 pound wheelchai r  i n  any k i n d  o f  c rash .  T h e s e  
a r e  " o f f - t h e - s h e l f n  t r a p  door r i n g s  which can be purchased i n  most 
any hardware s tore.  The weak p o i n t  i s  c l e a r l y  t h e  sharp  b e n d  i n 
the  r i n g ,  which appears t o  have been c o l d  formed from a p i e c e  o f  
standard rod. Replacement o f  these r i n g  assembl ies by heavy d u t y  
eye b o l t s  o r  some o t h e r  s t rengthened hardware i s e s s e n t i  a1 f o r  
e f f e c t i v e  wheelchai r  r e s t r a i n t .  
The ad jus tab le  T-bars p rov ided  by Bud I n d u s t r i e s  a n d  t h e  T -  
b a r  from Targe t  I n d u s t r i e s  also' do n o t  have t h e  s t r e n g t h  needed t o  
h o l d  up under impact. The maximum bending moment i s  a t  the cen te r  
of these bars, which i s  a l s o  t h e  weakest p o i n t ,  b e c a u s e  o f  t h e  
143 
T-bar, which i s  constructed o f  a 1" square steel  e x t r u s i o n ,  does  
appear t o  have good st rength,  b u t  i n  t e s t  80M014, where t h i  s was 
used, the  hook b o l t  s t ra ightened o u t  and released the  T-bar. Thus 
the  hook b o l t s  provided by these manufacturers are a l s o  inadequate 
f o r  the fo rces  generated i n  an impact, 2 
Because o f  hardware f a i l u r e s  none o f  the t e s t s  c o n d u c t e d  i n 
t h i s  study have successfu l ly  i nves t i ga ted  the  concepts o f  t h e  T-  
bar-and/or-lap-be1 t - t o - f l  oor procedures f o r  wheelchai r securement. 
However, some po in t s  and observat ions can be made. 
The use o f  a l a p  b e l t  t o  t h e  f l o o r  as a r e s t r a i n t  f o r  t h e  
wheelchair and o c c u p a n t  t o g e t h e r  v i  01 a t e s  one o f  t h e  m a i n  
p r i n c i p l e s  o f  e f f e c t i v e  r e s t r a i n t  d e s i g n :  t o  s e c u r e  t h e  s e a t  
independent o f  the  occupant. By r e s t r a i n i n g  the c h a i r  t h r o u g h  a 
b e l t  placed around the  occupant, unduly h igh loads are p l a c e d  on  
the  occupant. Those are l i k e l y  t o  r e s u l t  i n  s e r i o u s  i n j u r y ,  
espec ia l l y  i f  the b e l t  r i d e s  up o f f  t he  p e l v i c  bone and o n t o  t h e  
s o f t  abdomen. Even i f  t h i s  were n o t  a problem, however, t h e  1 ap 
b e l t  provides r e s t r a i n t  on ly  f o r  forward m o t i o n .  The c h a i r  i s  
f ree t o  move rearward and, as i nd i ca ted  i n  t e s t  80M001, e v e n  t h e  
1 ow-1 eve1 s l e d  acce lera t ion  o f  l e s s  than .5 G w i  11 cause t h e  c h a i r  
t o  s l  i de w i t h  the  brakes appl i ed. 
The T-bar approach t o  res  t r a i  n t ,  even w i  t h  good hardware, i s 
2 ~ t  should no t  be i n f e r r e d  t h a t  p r o d u c t s  f r o m  s p e c i f i c  
i ndus t r i es  which f a i l e d  i n  any o f  t h e s e  t e s t s  a r e  i n f e r i o r  t o  
s i m i l a r  products o f  o the r  manufacturers. The p r o d u c t s  s e l e c t e d  
t o r  t e s t i n g  i n  t h i s  s t u d y  were  c h o s e n  p r i m a r i l y  f r o m  
considerat ions o f  p rox im i t y  t o  t he  sponsor. I t i s 1 i k e l y  t h a t  
o ther  s i m i l a r  products produced elsewhere w o u l  d h a v e  p e r f o r m e d  
s i m i l a r l y  t o  the  products used i n  t h i  s s t u d y ,  b u t  j u d g m e n t  o f  
performance can be made only by s u b j e c t i n g  each  p r o d u c t  t o  a 
dynamic test .  
also questionable. Not only  i s  the T-bar d i f f i c u l t  t o  g e t  i n  
position and torqued down, especially on a powered wheelchair, b u t  
i t  provi des securement only through fr ic t ion forces on the smooth 
steel t u b i  ng of the wheelchair frame. Positive secu rement w i 1 1  
occur only when the wheelchair has moved f a r  enough forward  f o r  
the T-bar to  interact  with the motor brackets o r  t u b u l a r  c r o s s  
bars. Whether t h e s e  s t r u c t u r e s  would p rov ide  s u f f i c i e n t  
resistance t o  restrain the chair i s  not yet  known, b u t  s ignificant 
wheelchair damage and motion would  probably r e s u l t  b e f o r e  t h e  
impact event was over. A1  so, the degree t o  w h i c h t h e  T -  ba r i s 
tightened down by a driver or attendant will be variable, a n d  th i s  
will also influence the performance. I n  addition, frequent use of 
t h i s  clamping-down procedure  may e v e n t u a l l y  r e s u l  t i n 
deteri oration and weakeni ng of the wheelchair frame i t s e l f .  
The power 1 ock-down device a1 so operates on the pri nci p l  e o f  
res traint  through f r ic t ion ,  and does even l e s s  t o  s e c u r e  t h e  
wheelchair than the T-bar. Since this  i s  used only on one side of 
the chair,  one could n o t  hope for  complete r e s t r a i n t  even i n  a 
direct frontal impact. Since the bar presses on the lower frame 
member jus t  forward of the curved r ise  in the tub ing ,  t h e  c h a i r  
needs t o  move only a couple of  inches b e f o r e  i t  i s comple te ly  
free,  When the wheelchair a n d  press-down bar do in terac t ,  the bar 
simply rotates o u t  of the way, even t h o u q h  the two mounting hol t s  
on the power lock-down bracket are torqued securely. The addition 
of a bar across the power pan a n d  against the c a s t o r  t i  r e s  adds 
l i t t l e  t o  the res t ra in t  provided by th i s  device. The power 1 ock- 
down device i s  a completely ineffect ive approach t o  p r o v i d i n g  
wheelchai r  securement f o r  impact, o r  even f o r  eme r g e n c y  v e h i  c l  e  
maneuveri ng o r  braking. 
When t h e  wheel che i  r i s  no t  r e s t r a i  ned p rope r l y ,  t h e  p a s s  i v e  
r e s t r a i n t  b e l t s  cannot r e s t r a i  n  t h e  occupant e f f e c t i v e l y .  I n i t i a l  
at tempts t o  p rov ide  added wheelchai r  r e s t r a i n t  by p l a c i n g  t h e  1  ap 
p o r t i o n  o f  the pass ive b e l t  webbing i n  f r o n t  o f  t h e  w h e e l c h a i  r 
arms were i n e f f e c t i v e  due t o  h i gh  b e l t  l oad ings  t h a t  r i p p e d  t h e  
b e l t  s t i t c h i n g  o r  webbing ma te r i a l .  Ty i nu  t h e  webbing i n a  k n o t  
p rov ided  an e f f e c t i v e  means o f  a t t a c h i n g  t h e  f l  o o r  b e 1  t t o  t h e  
metal r i n g  i n  t e s t  80MOl1, and then t h i s  procedure o f  p l a c i n g  t h e  
webbing i n  f r o n t  o f  t he  wheelchai r  arms d i d  improve t h e  whee lcha i r  
fo rward  r e s t r a i n t  cons iderab ly .  F o r  an ob l i que  impact,  h o w e v e r ,  
t h i s  procedure i s  l i k e l y  t o  r e s u l t  i n  i n t e r n a l  i n j u r i e s  t o  t h e  
occupant due t o  co l l apse  o f  t he  c h a i r  arm tub ing  on one s  i de,  a s  
i n d i c a t e d  i n  t e s t  80M012. 
The f a c t  t h a t  e f f e c t i v e  c h a i r  r e s t r a i n t  c a n  b e  a c h i e v e d  
w i t h o u t  damage t o  t h e  c h a i r  i s  i l l u s t r a t e d  by t h e  r e s u l t s  o f  t e s t  
80M009, i n  which t he  c h a i r  was e f f e c t i v e l y  secured i n  p l ace  by two 
Aeroquip s t raps  fastened t o  t he  r e a r  pos ts  j u s t  a b o v e  t h e  s e a t  
upho ls te ry  suppor t  tub ing.  Whi le  t h e  Aeroquip s t r aps  can p r o v i  de 
an e f f e c t i v e  means o f  secur ing  a  wheelchai r ,  t h e  metal  c o l l a r s  o n  
t h e  "G" t r ack  p lugs f r a c t u r e d  i n t e s t  80M019, a1 1  owing t h e  p  1  u g s  
t o  p u l l  o u t  and re1  ease t h e  c h a i r .  The use o f  a  s t r onae r  ma te r i  a1 
f o r  t h i s  c o l l a r  would make t h i s  a  more e f f e c t i v e  manual t i e - d o w n .  
The forward- fac ing Bud s tanch ion  a l s o  p r o v i  des  a  g o o d  means o f  
secur ing a  fo rward - fac ing  c h a i r  on f r o n t a l  impacts as l ong  as t h e  
occupant 's  l a p  be1 t i s  secured t o  t h e  s tanch ion  r a t h e r  t h a n  t h e  
wheel c h a i r .  R e s u l t s  o f  t e s t s  80M010 and 81N030 c l e a r l y  i n d i  c a  t e  
t h e  prob lems o f  u s i n g  t h i s  t y p e  o f  securement i n  t h e  s i  de  - f a c i  n g  
mode f o r  t h e  m a j o r i t y  o f  moderate and severe  v e h i c l e  i m p a c t s  f r o m  
t h e  f r o n t  o r  r e a r .  
The mos t  e f f e c t i v e  w h e e l c h a i r  r e s t r a i n t  was p r o v i d e d  b y  t h e  
C r e a t i v e  C o n t r o l s ,  I nc .  (CCI)  au tomat i c  t ie -down system, i n  w h i c h  
t r i a n g u l a r  s t e e l  p l a t e s  a r e  b o l t e d  t o  t h e  w h e e l c h a i r  s i d e  f r a m e s ,  
and s t e e l  b a r s  b e t w e e n  t h e s e  p l a t e s  p r o v i d e  t h e  m e a n s  f o r  
r e t a i n i n g  and s u p p o r t i n g  t h e  whee lcha i r .  These t r i a n g u l a r  p l  a  t e s  
a l s o  p r o v i d e  f o r  c o n v e n i e n t  and w e l l  - p l a c e d  s e a t  b e 1  t a n c h o r  
p o i n t s ,  so t h a t  occupant  genera ted s e a t  b e l t  l o a d s  a r e  t r a n s m i t t e d  
t o  t h e  t ie -down p l a t f o r m  w i t h o u t  1  oad i  ng t h e  wheel c h a i r  frame. 
M o d i f i e d  C C I  t ie -down systems used i n  t e s t s  8 0 M 0 2 3  t h r o u g h  
80M029 a l s o  p r o v i d e d  e f f e c t i v e  w h e e l c h i  r s e c u r e m e n t .  T h e  C C I  
system adapted f o r  use i n  vans o u t f i t t e d  w i t h  t h e  p o w e r  p a n  a n d  
i n e f  f e c t i  ve power 1 ock-down p r o v i  des a  re1 a t i v e l y  simp1 e  appro  a c  h  
t o  i m p r o v i n g  w h e e l c h a i r  s e c u r e m e n t  f o r  many d r i v e r s .  T h e  
t r i a n g u l a r  p l a t e s  w i t h  m u l t i p l e  l o c a t i o n s  f o r  t h e  r e t a i n i n g  b a r s  
( t e s t  80M025) enab les  t h e  w h e e l c h a i r  p o s i t i o n  t o  b e  v a r i e d  f o r  
d i f f e r e n t  use rs  as r e q u i r e d  i n  t r a i n i n g  v e h i c l e s ,  and t h e  n o n - t i l t  
bo l t -down p l a t f o r m  ( t e s t  80M028 and 80M029) a l l o w s  f o r  e f f e c t i v e  
w h e e l c h a i r  securement w i t h o u t  t i l t i n g  t h e  w h e e l  c h a i  r. I n  t e s t  
80M029 t h i s  d e v i c e  secured t h e  c h a i r  e f f e c t i v e l y  i n  a  30  mph 2 0  G 
impact .  When b o l t i n g  t h e  C C I  p l a t f o r m  t o  s h e e t  m e t a l  s u c h  a s  a  
van f l o o r ,  i t  i s  e s s e n t i a l  t o  u s e  s t e e l  b a c k i n g  p l a t e s  t o  
d i  s t r i  b u t e  t h e  1  oads. 
Wi th  e f f e c t i v e  w h e e l c h a i r  s e c u r e m e n t  p r o v i d e d  b y  t h e  C C I  
system, both the Bud and Falcon th ree -po in t  p a s s i v e  r e s t r a i n t  
belts were effective in providing occupant restraint  when used i n  
conjunction with a chair lap be1 t. Effective restraint  was a1 so  
provided by the three p o i n t  bel t ,  w i t h o u t  a c h a i r  l a p  b e l t  b u t  
proper location of the floor bel t  anchor point i s  more c r i t i ca l  t o  
good lower torso restraint .  I n  a l l  cases, the B u d  c a n t i  1 eve red  
chair arms were extremely beneficial in allowing the lap  p o r t i o n  
of the three-poi n t  be1 t t o  res t  on the pelvis region r a t h e r  than  
on the abdomen above the chair arm rests .  I n  t e s t  80M029 a s l  ed 
deceleration pulse of 30 mph a t  20 GIs produced a head i n j u r y  
c r i t e r i a  (HIC) of 450 and a peak chest a c c e l e r a t i o n  o f  4 2  GIs ,  
using the Bud three-point passive bel t  and chair lap belt. These 
values are within the accepted tolerance levels o f  1000 f o r  H I C  
and 60 G's for chest acceleration. 
For the Plodel 3P powered wheelchairs tested i n t h i s s tudy , 
the containment and securement of t h e  b a t t e r y  d u r i n g  f r o n t a l  
impacts d i d  n o t  present any serious problems. I n  no case did t h e  
battery box cover come o f f ,  o r  d i d  t h e  b a t t e r y  i t s e l f  come 
compl etely free of the gimbal ed mounts. 
CONCLUSIONS 
1. Wheelchair tie-down systems currently in use by c l ien ts  o f  
the Massachusetts Rehabi 1 i tation Commission are genera 1 l y  
inadequate t o  restrain a powered wheelchair in any kind of 
moderate or severe vehicle accident. 
2 .  The materials and hardware currently in use for  s e c u r i  n g  
wheelchairs are generally n o t  of suf f ic ien t  s t r e n g t h  t o  
w i t h s t a n d  t h e  f o r c e s  gene ra ted  i n  a c r a s h .  The  
wheelchair, on the other hand, has sufficient strength t o  
be secured i f  tie-downs are placed a t  appropriate points. 
3. Wheelchair tie-downs such as the power lock-down and T-bar 
that  depend on f r ic t ion forces t o  hold the chair in p l  a ce  
are not adequate for effective wheelchair restraint .  
4. Effective w h e e l c h a i r  r e s t r a i n t ,  i ndependen t  of t h e  
occupant res t ra in t ,  i s  essential for  crash p r o t e c t i o n  of 
persons traveli ng in wheelchairs. 
5. Current procedures for securing side-faci ng wheelchairs in 
motor vehicles provide  1 i ttl e p r o t e c t i o n  on f r o n t a l  
impacts. 
6. The Creative Controls, Inc. wheelchair t ie-down system 
provi ded excel 1 ent wheelchair securement i n a1 1 t e s t s  f o r  
which they were used, including a 45-degree impact a n d  a 
30 mph 20 G impact. 
7. Aeroquip straps can provide good wheelchair securement for 
forward facing chairs in frontal impacts i f  securement i s 
to the joints of the chair tubing, b u t  the "G"  track plugs 
need t o  be strengthened. 
8. Three-point passive be1 t systems by Bud and Fa1 con o f f e r  
good occupant res t ra in t  when the wheelchair i s  effectively 
secured by other means. The use of a chair 1 ap be1 t w i t h  
these systems improves lower t o r s o  r e s t r a i n t ,  a n d  t h e  
cantilevered chair arms by B u d  I n d u s t r i  e s  provi  de f o r  
improved placement of the passive lap be1 t over the pelvic 
region rather than the abdomen. 
9. Velcro fasteners are inadequate for occupan t  r e s t r a i n t  
systems b u t  may be desirable fo r  postural s u p p o r t  be1 t s  
placed over so f t  tissue. 
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